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1, INTRODUCTION 

Recent technologies rely on wireless communication to enhance the mobility factors and the overall 
performance because it grants fast delivery rates and financial low-costs. Wireless technology consists of major 
parts, namely the transmitter and the receiver whereby both communicate through a wireless channel which 
is related to the communication quality. Subsequently, the technology requires consistent upgrades to assure 
good quality of communication [1-2]. Different wireless systems adopt different techniques in pursuance 
of tackling the issues that pose major threats to the capacity and performance of any system [3-4]. 
For instance, small cells are deployed in cellular communication to solve for capacity and signal quality [5]. 
However, concerns about interference in femtocell networks were raised due to dense deployment, 
power management, and resource allocation [6-7]. Interference is often caused by power leaks, double 
assignment of resources, two or more users exist close to each other etc. This has triggered many researchers 
to investigate and propose different ways in trials of solving for the raised concerns such as power 
suppression, resource allocation, frequency partitioning, and interference alignment [8-10]. 

In view of that, the authors of [11] proposed a femto-aware spectrum arrangement design to 
circumvent uplink cross-tier interference between a small cell and macrocells by splitting the bandwidth into 
two segments: shared spectrum between macrocell and femtocell, and the macrocell dedicated spectrum. 
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In [12], a scheme is presented to decrease both downlink cross-tier and co-tier interference and boost up 
the spectral efficiency for orthogonal frequency-division multiple access (OFDMA) based closed access 
femtocell networks. The frame work uses a composite of clustering of femtocell based on their geographic 
locations and dynamic frequency band allocation among macrocell and femtocells. The outcome of 
simulation demonstrated high spectral efficiency as the probability of cross-tier spectrum reuse becomes 
higher.femtocell networks. The frame work uses a composite of clustering of femtocell based on their 
geographic locations and dynamic frequency band allocation among macrocell and femtocells. The outcome 
of simulation demonstrated high spectral efficiency as the probability of cross-tier spectrum reuse becomes 
higher. The authors of [13] proposed a cross-tier interference reduction scheme based on orthogonal random 
beamforming in closed-access two-tier femtocell networks. The two factors that affect the macrocell beam 
subset selection strategy are the intensity of femtocell and the total count of macrocell user equipments (UEs) 
present in a network. Utilizing the signal to interference plus noise (SINR) data of all the channels evaluated 
by the macrocell UEs, the macrocell allocates the users and beam subset for each channel by choosing 
the optimal number of beams adaptively utilizing maximum throughput scheduler at the macrocell. 
The cross-tier interference is reduced by the number of beams done via adaptive selection, and offers spatial 
opportunity to small cell to attain the spectrum in an opportunistic approach. 

In [14], back-haul or air interface procures scheduling information from the macrocell for both 
down- link and uplink macrocell UEs. The scheduling information helps dealing with the issue of spectrum 
sensing which enhances the results so that the resource blocks of distant macrocell UE are employed in 
the down link and uplink transmission. The results of inter carrier interference (ICI) to femtocell from 
macrocell UE have also been analysed. The major cause of ICI is the asynchronous arrival of macrocell UE 
signals at the femtocell. It has been concluded a boost in received ICI power of femtocell is seen when 
the center frequency is lower. If the cyclic prefix duration is less than the arrival time of the signals of 
macrocell UEs, a disruption of orthogonality will occur leading to ICI between the sub-carriers. 

The authors of [1] proposed an efficient downlink co-tier interference management framework for an 
OFDMA-based long term evolution (LTE) system in which the information about the path-loss is shared 
between the femtocells. Furthermore, knowledge regarding the utilization of LTE component carriers 
is shared with the adjoining femtocells. The femtocell gateway (GW) maintains the inter femtocell 
coordination messages through SI connection and is designed to be an intermediate node between mobile 
core network and femtocells. In [15], the authors tried to mitigate the cross-tier (co-channel) interference 
between macrocells and femtocells. They utilize frequency reuse coupled with pilot sensing via a frequency 
sharing structure to achieve the results. When a femtocell is initiated, it detects the pilot signals that 
the macrocell has sent. After disposing off the sub-band with the greatest received signal power, femtocell 
utilises the remainder of the frequency sub-bands. Thus, enhancing the SINR for macrocell-UEs as well as 
the overall network throughput. More details on the previous work concerning the interference management in 
general are provided in the subsequent section. 


2. RELATED WORKS 

This dynamic power setting can be operated in both reactive and proactive manner, which can be 
applied to either in closed-loop power setting (CLPS) and open loop power setting mode (OLPS). 
When the femtocell is in CLPS mode, it modifies its transmission power in a reactive approach. 
Whereas, when the femtocell is in the OLPS mode, it regulates its transmission power in a proactive 
approach. Also, while it is switching between the OLPS mode and CLPS mode, the femtocell shifts to 
a hybrid mode as per the situation of the operation [16]. The authors of [17] proposed an adaptive power 
management with fractional frequency reuse scheme for co-tier femtocell interference reduction. The scheme 
readjusts the transmission power of each femtocell by obtaining the distance to other femtocells and estimates 
the coverage range that will not generate any interference to the neighbouring femtocell. The authors assumed 
that all femtocells are controlled a central unit that is familiar with the locations of all femtocells in 
the service area. Although the scheme enhanced the system performance but the paper did not discuss 
the extent of reducing or increasing the power and how it may affect the network outage. 

The work presented in [18], proposed a resource allocation approach for OFDMA based on 
cognitive femtocells. The aim by using co-tire/cross-tire interference constraints with incomplete channel 
sensing and QoS to increase the total capacity of all the femtocell users. The minimum and maximum 
numbers of subchannels engaged by each user are considered to attain the fairness through 
femtocells.Moreover, power allocation and subchannel algorithm is proposed. The performance 
of simulations is verified in terms of fairness compared with the existing approach and capacity by using 
the proposed algorithm. The authors of [19], proposed a semi-static inter-cell interference coordination (ICIC) 
approach name adaptive frequency reuse (AFR). There are two algorithm within the proposed ARF approach 
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which is namely, interference-aware resource allocation and primary subchannel self-configuration 
(PSC-SC), that served as intracell resource allocation and as ICIC respectively. The proposed AFR approach 
in terms of spectrum efficiency of cell edge users with a minimum effect in the cell center users of 
the spectrum efficiency can achieve approximately 100% gain. 

In [20], by using cognitive radio non-orthogonal multiple access (CR-NOMA) for femtocell users 
the authors proposed a power control and a joint channel allocation scheme. The target 1s to maximise 
the throughput of the femtocell users (FUs) with constrained guaranteed QoS. CR-NOMA used at the femto 
base sation (FBS) through the target to have the guaranteed QoS for FUs. Therefore using pairing , the results in 
better channel utilisation by reduce the NOMA interference between them. Additionally, to provide for weak users 
the even/odd number of FUs is differentiated. Numerical results illustrate the improvement of throughput n 
the proposed approach with providing guaranteed QoS for CR-NOMA based on Femtocell users. 

The authors of [21] developed a method to decrease the interference in downlink of FBS considering 
that the FBSs are diffused in high density based on their old method. The users' devices can receive 
interference from FBS and reply a warning to all FBSs which can be interfered with it. The power levels 
were reduced to bring the effect of interference down as soon as the FBSs defined themselves as excessive 
interference (EI) cells when the number of the received warning excess the number of served user by the cell. 
The results show that the proposed method is able to increase the throughput by 120% compared to their 
previous method, it helps to reduce the power consumption due to the decreased interference in downlink in 
same spectrum usage. 

In [22], the authors proposed a new scheme by using hybrid spectrum allocation where the spectrum 
divided between the macrocell and femtocells interfering it depending on the demand of their resources, 
where the far femtocells can share the whole spectrum. The problem here is divided in optimization approach 
into two sub problems. A low complexity algorithm is proposed to find solution of these sub-problems. 
The throughput and packet loss were improved in the simulation where a less density femtocell scenario 
considered. The proposed scheme results in high performance as in the optimal solution obtained by 
exhaustive search. The authors of [23-25], proposed another interference management frameworks for LTE 
femtocells that is based on fractional frequency reuse (FFR). The proposition allocates sub-bands to 
the femtocells from the overall designated frequency band that are being un-utilised in the sub-area of 
the macrocell. This results in the avoidance of downlink cross tier interference. 

The authors of [26] proposed an adaptive FFR infrastructure has been proposed that would reduce 
downlink interference produced by the femtocells in the neighbourhood of a macrocell to a minimum. 
The proposed framework makes use of orthogonal FFR radio resource or FFR radio resource hopping 
allocation based on the highness or lowness of the density as well as the information of the location of 
the femtocells. The location gives information if it is in an outer region or an inner region. In this paper, 
an enhanced fractional frequency reuse is proposed whereby the macrocell is divided into three regions in 
which each region is utilising different frequency spectrum. This implies that the frequency spectrum 
allocated for the macrocell should be divided into three sets as well. The contributions of this paper 
are summarised below: 

— Anenhance fractional frequency reuse mechanism that mitigates the interference exchanged between 
femtocells and enhance the network performance. 

— Better understanding on the interference challenges in femtocell networks and the fractional frequency 
reuse approach. 

— A motivation for further investigation on interference management in dense femtocell deployment. 

The remainder of the paper is divided as follows: Section 2 provides the literature study, Section 3. presents 

the system modelling, Section 4 discusses the proposed model, the simulation results are presented in 

Section 5, and Section 6 concludes the paper. 


3. SYSTEM MODELLING 

In this paper, we initially divide the coverage area into three regions, namely inner, middle, and outer 
regions. This is because in the conventional FFR scheme, the area is usually divided into two regions. 
Hence, increasing the regions will for sure enhance the interference mitigation. The frequency is also divided 
into three sets f,, f2, and f;. Similarly, this is to assign a frequency set to each region in the service area to 
prevent interference from occurring in between regions. The frequency assignment is done by extracting 
the locations of the femtocells within the service area in which all are represented by Cartesian coordinates. 
We denote the frequency assigned to each femtocell by @,, whereby n is the set identifier. The set of 
femtocells is referred to as [|s|,1,2,3,..., 5], the set of users is denoted by [|u|,1,2,3,..., V], and the set of 
subchannels is denoted by [|A], 1, 2,3,...A],. The group of femtocells in region 7 is referred to as S,,. For 
convenience, we set the radius of each region manually whereas 7;, 7%,,, and 7, denote the inner region radius, 
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middle region radius, and the outer region radius, respectively. The simulation is executed in three phases 
whereby each is referred to as experiment. The experiments setup is presented in Table 1. 


Table 1. Experiments setup 


Experiment Number of Frawp Inner region radius Middle region radius 

Experiment | 50 33% of macrocell base station 66% of MBS radius 
(MBS) radius 

Experiment 2 200 33% of MBS radius 66% of MBS radius 

Experiment 3 1000 50% of MBS radius 75% of MBS radius 


3.1. Problem formulation 

As highlighted earlier, the interference level in any system affects the overall performance. Therefore, 
it is important to measure the level of interference exchanged received from the environment. This is typically 
evaluated through the signal to SINR obtained by Equation | which is a measure the quality of the received 
signal in presence of the interference and noise. 


Psku Isku 
SINR,,, = > $$$ 1 
i 1 = di E Sn/{s} Piku Giku + N ( ) 


whereby Psx, is the transmitted power by u from s at the & th subchannel, g,,, is the channel 
response, P;;,, 1s the interference, and N is the noise. Thus the problem can be formulated as follows: 


arg min » Se 
i € Sn /{s} K EK (2) 


S.. 
U; > 0 
Vi € S,/{s} 


4. THE PROPOSED MODEL 

When a femtocell is initiated, the location of the femtocell is obtained to calculate the distance ds 
to the macrocell to identify in which region the femtocell is. Subsequently, the region identifier Bsn is set 
according to the following: 


1, d, < Tj 
pb = 72, ri< d, <= T! (3) 
3, d, = Tn 


It can now be said that @,, and a;, Vi € S/{s} are equal if femtocells s and / are in the same 
region. Consequently, interference can be received. Additionally, the following algorithm explains how 
the proposed model operates. 


Algorithm 1 Frequency assignment 


1: function 

a for sc= 1 :do 

2 Obtain the locations of all femtocells 
as Calculate d, 

Be if d, r; then 

6: Set B, according to Equation (3) 

A Set ad, accordingly. 

8 


: else 
Os Break 
LO.s end if 
des end for 
TZ for s=1: S do 
eo for i=1: §S do 
14: if i= s then 
Le if B, = B; then 
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Gs interference > 0 
Le else 

le: interference = 0 
Los end if 

Zs else 

243 Break 

22% end if 

Zoe end for 

24: end for 


25: end function 


5. SIMULATION RESULTS 

The simulation results of the proposed scheme are compared to different schemes. The first is when 
no frequency assignment scheme is considered, and the conventional FFR (2-region) scheme discussed 
in [26]. The results depicted in Figure la depicts that all three users have received approximately 0.46 mW 
less interference than the 2-region scheme. This is clearly reflected when measuring both throughput 
and SINR as in Figure 1b and Figure Ic, respectively. All three users have a maximum of 2.5 x 108 bps 
increased throughput as compared to the 2-region scheme for all iterations. 
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Figure 1. Performance evaluation for experiment 1 


Furthermore, the results were recorded and displayed in the Figure 2a. This result shows that the all 
three users have received approximately 0.69 mW less interference than the 2-region scheme. This result 
effects the overall throughput and the SINR, as shown in Figure 2b and Figure 2c, respectively. Furthermore, 
all three users have a maximumof 9.3x10® bps increase in the throughput as compared to the 2-region scheme 
for all iterations. 
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Figure 2. Performance evaluation for experiment 2 


Moreover, the results shown in Figure 3a shows that all three users have received approximately 0.91 
mW less interference than the 2-region scheme. Therefore, this effects the overall thoughput and the SINR. 
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This effects is presented in the bar chart in Figure 3b and Figure 3c, respectively. All three users have 
a maximum of 4.1108 bps increased throughput as compared to the 2-region scheme for all iterations. 


. . ae i 8 User throughput . : . : 
User interference in all iterations ma adatom x10 ey User Signal to Interference Plus Noise Ratio BRB No reduction 


(312-region 


HE No reduction : 36 
: " d hese HB Proposed 


3 | LED 2tegion 
GH Proposed 





Interference (VVatt) 











Users 


(a) Received interference (b) User throughput (c) User SINR 


Figure 3. Performance evaluation for experiment 3 


It can therefore be said that this paper provides a novel and enhanced FFR approach that successfully 
mitigates the interference and subsequently enhances the network performance. Unlike the literature, 
the pro- posed scheme relies on dividing the service area into three regions rather than only two in 
the conventional FFR scheme. It is believed that this is suitable for future communications where 
interference levels are expected to be high. Similarly, expanding the spectrum might not be feasible due to 
the expensive spectrumrentals. 


6. CONCLUSION 

In this paper, we propose an approach to mitigate the interference in femtocell networks by dividing 
the coverage area into three regions rather than two in the fractional frequency reuse approach. The proposed 
algorithm has minimised the interference, enhanced the SINR, and improved the throughput of the system as 
compared to the previous approaches that were taken from the literature. In addition, the approach considered 
in this paper can also be used in dense networks which promotes it for further consideration in future networks. 
The future directions of this work is to increase the number of users and employ localisation techniques whereby 
the performance of the system is tested under localisation acquisition errors. 
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